Many of the surface components of the pathogenic Neisseria species demonstrate marked antigenic variability, both between different strains and among variants of a single strain. Numerous examples of such variable surface components are described in the other reviews in this issue. Amid this surface variability, there are relatively few components or antigens that are conserved among all gonococci or meningococci, or both. The conserved antigens that have been identified have been the subject of considerable study in an effort to determine whether they play a direct role in neisserial pathogenesis and whether they might be targets of a protective immune response. The existence of a protein epitope that is conserved among pathogenic Neisseria species was revealed by the binding of a monoclonal antibody (MAb) designated H.8 (8) , as well as other MAbs with similar specificities (14, 31) . These MAbs bind to all gonococci and meningococci that have been tested and to N. lactamica and N. cinerea strains, but not to strains of other commensal Neisseria species (1, 8, 14, 31) . There has been much recent progress in identifying and characterizing the proteins that are recognized by H.8-specific MAbs, particularly through the use of recombinant deoxyribonucleic acid (DNA) approaches. The existence of multiple proteins that bind H.8-specific MAbs was revealed by screening libraries of gonococcal and meningococcal genes. Gotschlich et al. (11) cloned two distinct gonococcal genes that hybridize to each other in Southern blotting experiments and encode H.8
MAb-binding proteins with similar apparent molecular weights. Further analysis of these and other cloned genes has added to our understanding of the characteristics of two different proteins that are recognized by H.8-specific MAbs: the lipid-modified azurin and the H.8 outer membrane protein (designated [,aZ and Lip, respectively, in the nomenclature recommendations included in this issue).
LIPID-MODIFIED AZURIN (Laz)
The Laz protein is a two-domain lipoprotein that is highly conserved in gonococci and meningococci. The gene encoding Laz has been cloned and sequenced from both a gonococcal (11, 12) and a meningococcal (17) (21, 30) . The activity of signal peptidase II is specifically inhibited by the cyclic peptide antibiotic globomycin (15) . Using the cloned meningococcal laz gene in Escherichia coli, we showed that the Laz protein could be modified with radiolabeled palmitic acid and that its processing was sensitive to inhibition by globomycin, thus confirming the similarity of the recombinant-derived neisserial protein to other procaryotic lipoproteins (J. P. Woods, J. F. Dempsey, T. H. Kawvula, D. S. Barritt, and J. G. Cannon, Mol. Microbiol., in press).
(ii) The predicted mature Laz protein has a molecular mass of 17 kilodaltons. The N-terminal 39 amino acids of the mature protein form a domain composed primarily of imperfect repeats of the sequence alanine-alanine-glutamate-alanine-proline (AAEAP). The epitope for H.8 MAb binding was localized to no more than 20 amino acids within this region by analysis of deletion subclones of the meningococcal laz gene and by analysis of MAb binding to synthetic peptides (17) . Thus (iii) The remainder of the Laz protein (127 amino acids) has striking similarity to the sequence of azurins, which are small, blue, copper-containing proteins that ar, believed to function in electron transport during respiration (10, 16, 25, 26) . Azurins from Pseudomonas, Alcaligenes, and Bordetella species show considerable amino acid sequence homology, including 48 of 129 amino acids that are completely conserved among pine sequenced azurins (26) . When the 127 C-terminal acids of Laz are compared with a composite azurin sequence, 77% of the amino acids are homologous. Of the 48 conserved azurin amino acids, 42 (88%) are identical in the predicted Laz protein, including the 4 azurin amino acids forming the copper-binding site (22) . The azurins from other bacterial genera are not lipoproteins and do not have the 39-amino-acid N-terminal domain that is present in the neisserial Laz protein (9, 25, 26) .
In addition to DNA sequence similarity, there is other evidence confirming the similarity of the neisserial Laz protein to azurins. Gonococcal Laz has been purified from an E. coli lysogen containing the cloned laz gene, and the spectral characteristics of the resulting blue protein are the same as those reported for conventional azurins (E. Got- (2, 8, 14) . The apparent molecular mass of Lip varies in different strains, but appears to be constant within a single gonococcal or meningococcal strain (8, 14) .
Two different methods for the purification of Lip have been published. Strittmatter In strain R10, the predicted protein is 76 amino acids long, consisting of 14 AAEAP repeats. Ten of the repeats are perfect. It is possible that differences in the number of AAEAP repeats contribute to the differences in apparent molecular mass of Lip in different strains. Despite the high proline content of the protein, the predicted secondary structure is a-helical. The predicted molecular mass of the polypeptide portion of FA1090 Lip is 6.3 kilodaltons but the protein migrates on sodium dodecyl sulfate-polyacrylamide gel electrophoresis with an apparent molecular mass of 20 kilodaltons. The aberrant migration of the protein may be due to its lipid modification or to its unusual amino acid composition and repeating structure. The sequence of a meningococcal lip gene has not yet been determined.
Although Lip is noteworthy in the perfect conservation of most of the AAEAP repeats, there are other microbial proteins with similar repetitive motifs. Streptococcal M protein contains imperfect heptapeptide repeats making up part of the protein. The repetitive nature of this region is important in formation of an a-helical coiled-coil structure and in the antiphagocytic function of the protein (19, 23) . Another protein with a repetitive structure is the major lipoprotein (Lpp) of E. coli, which has several intriguing similarities to gonococcal Lip. In both proteins, the polypeptide is relatively small (58 amino acids for Lpp) and has an N-terminal cysteine and a C-terminal lysine residue (21, 30) .
The linkage of Lpp to peptidoglycan is through the e-amino group of the C-terminal lysine (7) . In Lpp, a seven-aminoacid periodicity is important in the formation of the characteristic coiled-coil structure of the protein (6, 20) . The seven-amino-acid repeats in the E. coli Lpp are not as highly conserved as the AAEAP repeats in Lip. It is not known whether Lip serves a structural role in the outer membrane similar to that of Lpp or whether it is peptidoglycan associated under some or all growth conditions.
ROLE OF H.8 (Lip) IN NEISSERIAL PATHOGENESIS AND IMMUNITY
The association of the H.8 epitope with the pathogenic Neisseria species has led to speculation that the antigens bearing it might be involved in neisserial pathogenesis or that they might be effective as components of a vaccine for prevention of gonococcal or meningococcal disease. 
